(19) 



3 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

11.11.1998 Bulletin 1998/46 

(21) Application number: 98302694.9 

(22) Date of filing: 07.04.1998 



{ ii) EP 0 877 326 A2 

EUROPEAN PATENT APPLICATION 

(51) Intel 6; G06F 17/30 



(84) 


Designated Contracting States: 


• Gadde, Syam 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Durham, North Carolina 27705 (US) 




MC NL PT SE 


• Rabinovich, Michael 




Designated Extension States: 


Gillette, New Jersey 07933 (US) 




AL LT LV MK RO SI 








(74) Representative: Asquith, Julian Peter et al 


(30) 


Priority: 05.05.1997 US 850411 


Marks & Clerk, 




4220 Nash Court, 


(71) 


Applicant: AT&T Corp. 


Oxford Business Park South 




New York, NY 10013-2412 (US) 


Oxford OX4 2RU (GB) 


(72) 


Inventors: 




• 


Chase, Jeffrey Scott 






Durham, North Carolina 27707 (US) 





(54) Network with shared caching 

(57) I n a computer network system, the caches (20) 
at individual stations (12) are available to other stations. 
A central cache directory is maintained at a network 
server. Each time a station caches a data object re- 
ceived from a remote network (1 4), it informs the central 
cache directory. When a station comes online, it is asked 



to send a list of the contents of its cache. Whenever a 
station seeks an object from the remote network (14), 
the local network server first checks the central directory 
cache to see if the request can be satisfied at one of the 
local stations. Only if it cannot is the requested object 
retrieved from the remote network (14). 
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Description 

Background of the Invention 

This invention relates to computer networks in 
which a plurality of local stations that are networked to- 
gether also communicate with an external database. 
More particularly, this invention relates to such a net- 
work in which each station can share data from the ex- 
ternal database that has been cached by other stations. 

In data networks such as the Internet, data is stored 
on servers interconnected by high-speed connections. 
Such networks support protocols, such as the Hypertext 
Transfer Protocol ("HTTP") used in the popular World 
Wide Web portion of the Internet, in which data is trans- 
mitted to users in a format known as a "page." Under 
the HTTP protocol, the user interface software (known 
as a "browser") cannot begin to display a page until a 
significant portion of the page has been received, and 
clearly cannot fully display the page until the entire page 
has been received. The resulting delays are referred to 
as "latency." 

Unfortunately, many Internet users are connected 
to the Internet by relatively slow connections. Even 
where users a connected to a fast local-area network ~ 
e.g., a corporate "intranet" - the local-area network may 
be connected to the Internet using modems and stand- 
ard telephone lines. Even the fastest commercially 
available telephone modems are limited to speeds of 
between 28.8 kilobits per second ("kbps") and 57.6 kb- 
ps. This limits the speed at which a World Wide Web 
page can be transmitted to a user and displayed by the 
user's browser. In addition, heavy user traffic, particu- 
larly heavy access by other users to the same server, 
also slow down the apparent speed of the World Wide 
Web. As a result, many users complain about the slow 
speed of the Internet in general, and the World Wide 
Web in particular. In fact, much of the latency perceived 
by users is the result of their relatively slow connection 
to, and heavy traffic on, what inherently ought to be a 
very fast network 

Currently available browser software makes some 
attempts to eliminate delays in receiving World Wide 
Web pages. For example, most browsers will store re- 
ceived pages in a disk cache. If the user asks for a page 
within a short time after having asked for it previously, 
the browser will retrieve the page from the cache. How- 
ever, under the HTTP protocol, certain World Wide Web 
pages may not be cached, such as those that are dy- 
namically generated. Therefore, current caching tech- 
niques are of limited usefulness in solving the latency 
problem. 

More sophisticated, and therefore more useful, 
caching techniques can be employed in environments 
in which multiple users are connected to a local network 
that is connected to the Internet or other remote network 
- e.g., in a corporate in-house network or "intranet" that 
has a gateway to the Internet. In such environments it 
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is known to have a central cache, either at the gateway 
or at a separate cache server. The central cache caches 
all pages or other data received from the remote network 
in response to a query by any user on the local network. 
5 If another user (or the same user again if for some rea- 
son the data are not cached at the user's station) re- 
quests the same data, the data can be delivered to that 
user from the central cache of the local network, without 
having to be retrieved from the remote network. Such 
io an arrangement enhances the benefits of caching by 
making every user's cached data available to all other 
users on the local network, instead of being available 
only to the user who previously requested it. 

However, arrangements such as that described 
f 5 have disadvantages. In order for the central cache to be 
useful, each user request for data from the remote net- 
work must be routed through the central cache to see if 
it can be satisfied there. The central cache can thus be- 
come a bottleneck, slowing down each user's queries 
20 as they wait behind other users' queries while the central 
cache searches to see if it has the requested data for 
each query. In fact, an overloaded central cache may 
even drop user requests without servicing them. 

As a further refinement of a system having a central 
2S cache, systems are known in which different groups of 
users are served by their own central caches, but the 
central caches cooperate. Thus, not only is the central 
cache queried when a user makes a request, but also, 
if the central cache associated with that user does not 
30 have the requested data, then before the data are re- 
quested from th eir home site on the remote network, the 
other central caches serving other groups in the system 
are queried first. Although in such a system, the likeli- 
hood is greater that some cache will contain the request- 
35 ed data, avoiding the need to retrieve them from their 
home site, at some point it ceases to be efficient if too 
many cache servers have to be queried. Moreover, each 
time a cache server receives a query from another 
cache server, it adds to the delay in processing requests 
40 at the first cache server from its own associated users. 
In another known system, objects in a network file 
system are cached at individual user stations of the net- 
work. However, such a system, designed for data that 
reside within the local-area network and that may be 
46 modified by users , entails complex mechanisms to 
maintain coherency of cached data and data availability 
in the case of failure of a station. These mechanisms 
provide only limited performance improvemer;! (and 
may even degrade performance), and impose signifi- 
so cant overhead that is unnecessary in an Internet access 
environment. 

It would be desirable to be able to provide a system 
having the benefits of central caching without the bot- 
tleneck caused by a central cache server. 

55 

Summary of the Invention 

It is an object of the present invention to provide a 
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system having the benefits of central caching without 
the bottleneck caused by a central cache serve. In ac- 
cordance with this invention, there is provided a compu- 
ter system having a plurality of local stations, a commu- 
nications channel interconnecting the plurality of local 
stations, and a communications link connecting the 
communications channel to an external database. Each 
respective one of at least a first subset of the local sta- 
tions has its own respective cache memory for caching 
data retrieved by that respective local station from the 
external database. The computer system further has a 
central directory unit for maintaining a directory of data 
cached in the cache memories of respective ones of the 
first subset of local stations. When a respective one of 
a second subset of local stations requires data from the 
external database, a cache query unit in that respective 
one of the second subset of the local stations queries 
the directory to determine whether the required data are 
cached in a respective cache memory of the first subset 
of local stations. A cache access unit in each respective 
one of the first subset of the local stations allows access 
to the respective cache memories by respective ones of 
the second subset of local stations. 

Brief Description of the Drawings 

The above and other objects and advantages of the 
invention will be apparent upon consideration of the fol- 
lowing detailed description, taken in conjunction with the 
accompanying drawings, in which like reference char- 
acters refer to like parts throughout, and in which: 

FIG. 1 is a schematic diagram of a preferred em- 
bodiment of a computer system according to the 
present invention; 

FIG. 2 is a schematic diagram of a preferred em- 
bodiment of an individual user station of the com- 
puter system of FIG. 1; 

FIG. 3 is a flow diagram showing a preferred em- 
bodiment of the method of operation of the compu- 
ter system of FIGS. 1 and 2; and 
FIG. 4 is a flow diagram of a portion of the method 
of FIG. 3. 

Detailed Description of the Invention 

Although applicable generally to network data 
transfers, the present invention is particularly useful, 
and lends itself to ready explanation, in connection with 
the Internet, and particularly the World Wide Web. When 
a user requests data from a server on the World Wide 
Web, those data are transmitted to the user in units 
called "pages." The software that communicates with 
the World Wide Web, referred to as a "browser," stores 
received pages in a cache, generally on the disk drive 
of the user's station. If the user later requests the same 
page, the browser, which always looks in its cache be- 
fore submitting a request to the World Wide Web, will 



find the page in the cache and display it without the delay 
involved in retrieving it from its home server 

In a situation in which a user is connected to the 
Internet or other remote network through a local network 

5 - e.g., a corporate local area (or wide area) network, 
the present invention gives each user the benefit of the 
user station caches of all of the other user stations on 
the local network. Therefore, a user will be able to quick- 
ly retrieve not only pages that that user had recently re- 

10 quested, but also pages that other users of the local net- 
work have recently requested. Indeed, because one 
might expect users in a single enterprise to frequently 
request pages from remote servers that provide data 
useful in the enterprise's field of endeavor, it would be 

is expected that different users would frequently request 
data from the same remote servers. Therefore, in such 
an environment, as opposed to in a generic group of In- 
ternet users, there is a greater likelihood that if the re- 
quested page is not cached at the requesting user's sta- 

20 tion, then it is cached at another user's station. There- 
fore, even though the user has not recently requested 
that page, he or she obtains nearly the same speed ad- 
vantage as though the page had been cached at his or 
her station. 

25 in general, this type of shared caching is most ben- 
eficial in the context of a local network to which users 
are directly connected, so that each station can get ac- 
cess to the cache of any other station, and the connec- 
tion speed is relatively high sothat access by one station 

30 of a second station's cache does not appreciably slow 
down the second station's connection to the network. 
However, it is also possible to implement such a system 
on a dial-up network, albeit with some sacrifice of speed 
to an individual user as other users' requests absorb 

35 some capacity of the individual user's connection. Thus, 
an Internet Service Provider might implement such a 
system among its subscribers. However, careful consid- 
eration would have to be given to the trade-offs between 
the gain from shared caching and the losses associated 

40 with the limited capacity of dial-up connections, and with 
the intermittent nature of the connections (i.e., the fact 
that users come and go, rather than being substantially 
permanently connected, making it difficult to keep track 
of which user caches are available at any given time). 

45 in order to implement a system according to the in- 
vention, a central cache directory would have to be 
maintained on the local network, either at the network's 
gateway to the remote network, or, preferably, in a sep- 
arate directory server. Each remote network request 

50 would be checked against the central cache directory to 
determine whether or not any local cache contains the 
requested data. If so, the request would be routed to the 
local station that has cached the data; otherwise, the 
request would be sent to the remote network. 

55 Because the central cache directory processor 
(whether a separate server or part of the gateway) is 
merely checking the request against its directory and 
routing the request to the correct local cache, if any, and 
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is not actually servicing any requests as a central cache 
would, it does not cause the same kind ot bottleneck as 
a central cache. In fact, it is believed that up to 100,000 
user stations can be serviced by a single directory serv- 
er with substantially no noticeable performance degra- 
dation. In the unlikely event that the load on the directory 
server becomes too large, one or more additional direc- 
tory servers could be added, with each one serving a 
defined portion of the data address namespace (e.g. , in 
the case where the remote network is the World Wide 
Web, each directory server could service a different al- 
phabetical portion of the Uniform Resource Locator 
(■URL") namespace). 

I n addition to providing the central directory, it would 
be necessary to provide a process that runs on each 
local station that would allow other stations to access its 
cache. The process could be provided as part of the lo- 
cal station's browser software. 

Some method preferably would also be provided for 
keeping the directory current. Thus, each time data are 
retrieved from the remote network, either the gateway 
server or the local station that requested the data pref- 
erably would advise the directory server that those data 
are now available in that local station's cache. Most pref- 
erably, the local station would perform that function. If 
the local station is to perform the function, a process for 
the function would have to be provided at the local sta- 
tion. 

Similarly, the system would have to be able to re- 
cover from the unavailability of a station, either because 
of a malfunction or because the user shuts the station 
down. The unavailability of a particular station ordinarily 
would be detected when a second station attempted to 
retrieve a cached object from the unavailable station. 
The attempt would fail, and the second station would 
notify the directory server of the failure and that it was 
unable to communicate with the unavailable station. The 
directory server would then delete from the cache direc- 
tory, or mark as unavailable, all objects cached at the 
unavailable station. 

Optionally, the directory server might be made 
aware of the unavailability of a station as part of the log- 
off sequence if and when the user intentionally logs off 
the network. The unavailability of the station would be 
handled in the same way as if the station unavailability 
was discovered through a retrieval failure. This option 
of informing the directory server of a station logout is 
particularly useful if shared caching according to the in- 
vention is implemented in a dial-up environment where 
stations frequently become unavailable as they break 
their dial-up connections. 

When a station establishes communication with the 
network, either for the first time or after a failure or shut- 
down, the station preferably would notify the directory 
server that it is available, and would transmit a list of all 
of the objects in its cache. The central cache directory 
could then be updated from that list. Alternatively, at 
least in the case of a station that had been present pre- 



viously, the directory server could assume that whatever 
was in the local station's cache previously is still there. 
However, there is a risk that one or more previously 
cached objects may no longer be present -- e.g., be- 
5 cause they may have been damaged or deleted by 
whatever caused the station to fail. In that case, when 
the object is unavailable to satisfy a request directed to 
the station by the directory, even though the station itself 
is available, that one object could be deleted from the 
10 directory. The object preferably would not be restored 
to the directory until it was again cached at the local sta- 
tion, or at another local station. 

Instead of having a station communicate the entire 
contents of its cache as soon as the station connects to 
is the network, the system could be configured so that 
when a station that has never before (or at least has not 
in a long time) made a query makes a query, the direc- 
tory server asks for the contents of that station's cache. 
However, in such an implementation, data cached at the 
20 station would not be available to other stations as soon 
as it would be in an implementation where the station 
communicates the contents of its cache when it first con- 
nects to the network. 

In no case would failure of an attempt by one local 
2S station to retrieve cached data from another be fatal in 
a system according to the invention, because on occur- 
rence of a cache retrieval failure, the system would sim- 
ply request the data from its home site on the remote 
network. 

30 The invention will now be described with reference 

to FIGS. 1-4. 

An environment in which the present invention may 
be used is shown in FIG. 1 . Local area network 10 pref- 
erably includes a server 11 connected by communica- 
35 tions channel 1.3 to a plurality of user stations 1 2. Com- 
munications channel 13 could be any suitable network 
topology (e.g., star, bus ("ethernet") or token-ring). Local 
area network 10 is preferably connected through a suit- 
able gateway 110, which is this case is part of server 11 , 
40 but could be separate, to remote network 1 4 such as the 
Internet, which includes a plurality of remote servers 1 5, 
each ol which may have data sought by a user of one 
of stations 12 of local area network 10. In an alternative 
preferred embodiment (not shown), user stations 12 
46 could communicate with server 11 in a dial-up configu- 
ration over, e.g., the public switched telephone network. 

As shown in FIG. 1, and in more detail in FIG. 2, 
each user station 12 includes a cache 20, which is kept 
in the mass storage 21 provided in station 1 2. Ordinarily, 
so mass storage 21 takes the form of one or more hard disk 
drives, and hence cache 20 is kept on one or more of 
those hard disk drives. However, mass storage 21 (and 
cache 20) could be some other form of memory. 

As described above, whenever any one of stations 
55 12 retrieves a page (or other unit) of data from one of 
remote servers 15 on the Internet or other remote net- 
work 1 4, the browser or other client software controlling 
the retrieval deposits a copy of that unit of data in cache 
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20 of that station 1 2. If the user of that station 1 2 again 
requests data from remote network 14, the client soft- 
ware first looks to cache 20 of that station 12 to see if 
the data are already in cache 20. If not, then, in accord- 
ance with the present invention, before attempting to re- 
trieve the data from remote network 1 4, the client soft- 
ware first queries a central cache directory 16, prefera- 
bly located in one or more directory servers 17. If mul- 
tiple directory locations are used (e.g., as shown in FIG. 
1 , the directory is divided between two separate direc- 
tory servers 17), then the address namespace prefera- 
bly is partitioned among them as described above to fa- 
cilitate searching for particular data when a request is 
received from one of stations 12. In an alternative em- 
bodiment, a central cache directory 160 could be co-lo- 
cated with server 1 1 itself. 

If directory 16 does not contain an entry corre- 
sponding to the requested data, the requesting station 
1 2 is so informed and then requests the data from re- 
mote network 14 via server 11 and gateway 110. In the 
alternative embodiment where directory server 160 is 
co-located with server 11 , server 11 could go directly to 
remote network 1 4 to retrieve the data, rather than in- 
forming server 12 which would then have to ask server 

11 to goto remote network 14 (not shown). Preferably, 
when the data are received from remote network 1 4 in 
either case, in addition to preferably being displayed to 
the user they preferably are added to cache 20 at the 
requesting station 12, and station 12 preferably informs 
server 11 and/or directory server 17 that those data are 
now in its cache, so that il another station 12 requires 
those same data, it will be able to find them in directory 
16 or 160. 

However, if directory 16 or 160 contains an entry 
corresponding to the requested data, the requesting sta- 
tion 1 2 requests the data from that other one of stations 

12 indicated by the directory entry. If the requesting sta- 
tion 12 is unable to retrieve the requested data from the 
other station 12 (e.g., because the other station 12 is 
down or because the data, for whatever reason, have 
been deleted from cache 20 of the other station 12), it 
so informs server 11 and/or directory server 17, as may 
be appropriate. Server 11 or 17 then marks the entry 
corresponding to that data as unavailable (or deletes it 
altogether). 

Once data have been marked in the central cache 
directory 16 or 160 as being unavailable (or the entry 
corresponding to those data have been purged from di- 
rectory 1 6 or 1 60), they are not restored until a message 
is received from the station 12 in whose cache 20 the 
data resides. If the data were unavailable because the 
station 12 was down, then station 12 preferably runs a 
process when it is reactivated that sends a list of all ob- 
jects in its cache 20 to directory 16 or 160. If the data 
were unavailable because they had been purged from 
cache 20 of that station 12, the entry for those data will 
not be restored to directory 16 or 160 unless and until 
that station 12 again requests those data, receives 



them, and caches them in its cache 20 (although it 
should be pointed out that by that time there will be an- 
other entry in directory 16 or 160 indicating that those 
data are in cache 20 at a different station 12 -- viz., the 
5 one which first reported to directory 16 or 160 that the 
data were unavailable at the first station 12, because 
that different station 12 would have then had to retrieve 
the data from remote network 14 and preferably added 
them to its own cache 20, advising directory 16 or 160 
10 jn the process). 

Stations 12 and servers 11,17 preferably are con- 
ventional personal computers, workstations or network 
servers, each preferably having a processor 18 which 
preferably runs software processes to implement the 
15 present invention. 

FIG. 3 is a flow diagram of software process 30 
which preferably runs on processor 18 of each station 
12. Process 30 starts at step 31 when the power is 
turned on at station 12 (after other startup processes). 
20 At test 32, it is determined whether or not there are any 
data in cache 20. If so, then at step 33 the directory serv- 
er is advised of the availability of cache 20, and of its 
contents, and the system continues to step 34 to wait 
for a request from the client software (e.g., browser) of 
25 either this station 1 2 or any other station 1 2 on network 
10. If at test 32 there are no data in cache 20, the proc- 
ess proceeds directly to step 34 to await a request. Note 
that test 32 and step 33 are optional as described below. 
Next, at step 35, when a request is received, the 
30 process proceeds to test 36 to determine whether or not 
the request can be satisfied by the local cache 20. If so, 
the cached data object is returned to the client software 
for display at step 37. Otherwise, the process proceeds 
to test 38 to determine whether the requesting client is 
35 local or remote (at another station 12). If at test 38 it is 
determined that the client is remote, then at step 39 the 
process sends a message to the remote client that the 
attempt to retrieve the requested data failed, and the 
process resumes waiting at step 34 for a new request. 
40 |f at test 38 the client is determined to be local, then 
the process proceeds to step 300 where the directory 
server 17 (or the directory in server 11) is queried to de- 
termine if it has any entry corresponding to the request- 
ed data, and at step 301 the process receives a re- 
45 sponse. Attest 302, the process determines whether the 
response is a "hit" or a 'miss/ If at test 302 the response 
is a hit, then at step 303 the process requests the de- 
sired data object from the station indicated in the re- 
sponse as having a cached copy of the object. At test 
so 304, the process determines whether or not the indicat- 
ed station is responding to the request. If so, then attest 
305 the process determines whether or not the indicated 
station has the requested object. If so, then at step 306 
the object is retrieved from the indicated station. 
ss |f at test 305 the indicated station does not have the 
object, then at step 307 the process advises the direc- 
tory server that the object is not in the indicated cache 
so that the directory can be updated (e.g., by deleting 
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that entry or labelling it •unavailable"), and the process 
returns to step 300 to again determine if the requested 
object is cached at any station 12 (the directory may re- 
turn a different entry indicating that the object is also 
cached at yet a different station 1 2, so the process need 
not proceed directly from step 305 to step 309 (see be- 
low)). Similarly, if at test 304 the indicated station does 
not respond at all, then at step 308 the process informs 
the directory server that the indicated station is not avail- 
able, so that the directory server can properly mark or 
purge any directory entries associated with the unavail- 
able station, and the process then returns to step 300. 

If at test .302 it is determined that the response was 
a miss, then at step 309 the object is retrieved from the 
remote network. Whether the object is retrieved from the 
remote network at step 309, or from the indicated cache 
at step 306, the process then proceeds to test 310 to 
determine whether or not there is room in the local 
cache. If not, then at step 311, an object is evicted from 
the local cache to make room and the directory server 
is advised so that it can purge the corresponding entry 
(eviction may be based on age or other criteria). The 
system then proceeds to step 312 (to which it also pro- 
ceeds from test 310 if there is room in the local cache), 
where it puts a copy of the retrieved object in the local 
cache and advises the directory server so that it can add 
a corresponding entry. Next, the process proceeds to 
step 37, returning the requested object to the client for 
display. Whether it reaches step 37 from test 36 or step 
31 2, the system returns from step 37 to step 34 to await 
additional requests. 

FIG. 4 is a flow diagram of software process 40 
which runs on processor 1 8 of server 11 , and processor 
1 8 of any directory server 17. Process 40 begins at step 
41 where it receives a message from one of stations 1 2. 
As seen at 42, that message preferably can be one of 
four types: "QUERY", "UNAVAILABLE", "ADD" or 
"EVICT". If at 42 the message is "ADD", it means that 
the station 12 sending the message has retrieved data 
for the first time (either from the remote network 14 or 
from another station 12), and has added it to its local 
cache. Therefore, the process proceeds to step 43 
where an entry is added to the central cache directory 
16 or 160 indicating that those data (as represented by 
an address such as a World Wide Web URL) are stored 
in the cache of that particular station 1 2, and the process 
ends. 

If at 42 the message is "EVICT", it means that the 
station 1 2 sending the message has had to delete some 
data from its cache (usually to make room for other da- 
ta). Therefore, the process proceeds to step 44 where 
the entry in central cache directory 16 or 160, indicating 
that those data were stored in the cache of that particular 
station 12, is deleted, and the process ends. 

If at 42 the message is a query, the process pro- 
ceeds to test 45, where it determines whether or not it 
has ever heard from the querying station, if not, then at 
step 46 it asks the querying station for a list of the con- 



tents of the local cache of the querying station, and up- 
dates central cache directory 16 or 160 accordingly. If 
at test 45 it is determined that the querying station has 
been heard from before, the process skips directly to 
5 test 47. Note that test 45 and step 46 are optional, and 
preferably would not be used if test 32 and step 33 of 
process 30 are used -- i.e., ordinarily one would use ei- 
ther test 32 and step 33 or test 45 and step 46, but not 
both pairs of tests/steps (although it could be done). 
io At test 47 the process determines whether or not 
the requested object is in the central cache directory. If 
it is, then at step 48 directory server 11 or 17 preferably 
returns a "HIT" message to the querying station 12, 
along with the address of that station 12 that has the 
is requested object, and the process ends. The querying 
station 12 can then go and retrieve the object from the 
station 12 that has it. 

If attest 47 the process determines that the request- 
ed object is not in the central cache directory, it returns 
20 a "Ml SS" message to the querying station, and the proc- 
ess ends. The querying station can then go and retrieve 
the object from its home server 15 on remote network 
14. Alternatively, as discussed above (but not shown in 
FIGS. 3 and 4), in an embodiment where the central 
25 cache directory is co-located with the server, the server 
could simply retrieve the object from the remote network 
without waiting for the querying station to request such 
retrieval, eliminating the need for a "MISS* message 
and a subsequent request for remote retrial. 
30 If at test 42 the message is that an oD;*ct is una- 
vailable - i.e., a station 1 2, having received a "HIT" mes- 
sage in response to an earlier query, attempted to re- 
trieve an object from another station 1 2 and was. unable 
to do so - then system 10 responds at step 400. The 
35 response may depend on the reason for the unavaila- 
bility, which preferably is included in the "UNAVAILA- 
BLE" message. If the station 1 2 that is supposed to have 
the object is responding, but does not have the object, 
that means that somehow the central cache directory is 
40 out of synchronization with the various stations 1 2, and 
the response at step 400 preferably is to purge the af- 
fected directory entry, so that there is no longer an entry 
indicating that that particular station 1 2 has the particu- 
lar object. 

45 if, however, the reason for the unavailability is that 
the station 12 that is supposed to have the object is not 
responding at all, then one might assume that its cache 
is intact, but it is not online at the moment. Therefore, 
the response at step 400 preferably is to move every 
50 directory entry associated with the affected station 1 2 to 
an "unavailable" pool, where they wait until the particular 
station 1 2 is back online, when they can be moved back 
to the directory. This portion of process 40 is shown at 
steps/tests 401 -405. 
55 At test 401 , the process determines whether or not 
there are any entries in the "unavailable" pool. If not, the 
process ends. If at test 401 there are entries in the un- 
available pool, then at 402 a loop begins for each entry. 
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At test 403, the process checks to see how long it has 
been since the station associated with the entry has 
been heard from. If the station has not been heard from 
lately — e.g., it was last heard from more than about two 
hours ago it is assumed that the station is experienc- 
ing difficulty (or has been turned off) and will not be back 
online soon, so the entry is deleted from the pool at step 
404 (and will not be returned to the directory until step 
33 or step 46 is run for that entry) and the process loops 
back to check additional entries in the "unavailable" 
pool. If at test 403 the station has been heard from lately 
-- i.e., it is back online - then the entry is moved from 
the "unavailable" pool back to the central cache direc- 
tory, and the process loops back to check additional en- 
tries in the "unavailable" pool. 

The interval used in test 403 (an example of two 
hours was given above, but any interval may be used) 
is selected based on a balance between (a) not purging 
entries when a station is unavailable merely because of 
a temporary communications problem, and (b) not main- 
taining entries when a station has been taken offline. 
Although when a station has been taken offline the en- , 
tries could be maintained in the "unavailable" pool for 
as long as it takes the station to return online, it is pos- 
sible that if there is a prolonged offline condition, the lo- 
cal cache 20 of that station could be corrupted or be- 
come obsolete, so that even when the station was back 
online, the cached objects may not be available. There- 
fore, they preferably are purged once the interval in test 
403 is exceeded. 

Thus it is seen that a system having the benefits of 
central caching without the bottleneck caused by a cen- 
tral cache server has been provided. One skilled in the 
art will appreciate that the present invention can be prac- 
tice by other than the described embodiments, which 
are presented for purposes of illustration and not of lim- 
itation, and the present invention is limited only by the 
claims which follow. 
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respective ones of said first subset of local sta- 
tions; 

a cache query unit in each respective one of at 
least a second subset of said local stations for, 
when said respective one of said second sub- 
set of local stations requires data from said ex- 
ternal database, querying said directory to de- 
termine whether said required data are cached 
in a respective cache memory of sard first sub- 
set of local stations; and 
a cache access unit in each respective one of 
said first subset of said local stations for allow- 
ing access to said respective cache memories 
by respective ones of said second subset of lo- 
cal stations. 

The computer system of claim 1 further comprising 
a cache directory manager for maintaining said di- 
rectory in said central directory unit. 

The computer system of claim 2 wherein said cache 
directory manager comprises a local station status 
monitor for: 

determining when one of said local stations is 
unavailable; and 

when said one of said local stations is deter- 
mined to be unavailable, marking as unavaila- 
ble in said directory any data identified in said 
directory as being cached at said one of said 
local stations. 

The computer system of claim 3 wherein said cache 
directory manager further comprises, in each of 
said local stations in said first subset of localsta- 
tions, a cache status identification unit for identify- 
ing to said cache directory manager data available 
in said cache memory of said local station. 



Claims 



1. A computer system comprising: 



40 5. The computer system of claim 4 wherein said cache 
status identification unit identifies data to said cache 
directory manager when said local station becomes 
available. 



a plurality of local stations; 
a communications channel interconnecting 
said plurality of local stations; and 
a communications link connecting said commu- 
nication channel to an external database; 
wherein: 

each respective one of at least a first subset of 
said local stations comprises respective cache 
memory for caching data retrieved by said re- 
spective local station from said external data- 
base; said computer system further compris- 
ing: 

a central directory unit for maintaining a direc- 
tory of data cached in said cache memories of 



45 6. The computer system of claim 4 wherein said cache 
status identification unit identifies data to said cache 
directory manager when data are added to said 
cache memory of said local station. 

bo 7. The computer system of claim 1 wherein, when said 
cache query unit determines that said required data 
are hot cached in any cache memory of any of said 
first subset of said local stations, said respective 
one of said second subset of said local stations 

55 seeks said required data from said external data- 
base. 

8. The computer system ol claim 1 wherein said first 
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subset of said local stations comprises all of said 
local stations. 

9. The computer system of claim 1 wherein said sec- 
ond subset of said local stations comprises all of 
said local stations. 

10. A method of operating a computer system, said 
computer system comprising: 

a plurality of local stations, 

a communications channel interconnecting 

said plurality of local stations, and 

a communications link connecting said plurality 

of local channels to an external database, said 

method comprising the steps of: 

maintaining at each respective one of at least 

a first subset of said local stations a respective 

cache memory for caching data retrieved by 

said respective local station from said external 

database; 

maintaining a central directory of data cached 
in said cache memories of respective ones of 
said first subset of local stations; 
when said a respective one of at least a second 
subset of local stations requires data from said 
external database, querying said directory to 
determine whether said required data is cached 
in a respective cache memory of said first sub- 
set of local stations; and 
at each respective one of said first subset of 
said local stations, allowing access to said re- 
spective cache memories by respective ones 
of said second subset of local stations. 



15. 



of said local station. 

. The method of claim 10 wherein, when it is deter- 
mined in said querying step that said required data 
are not cached in any cache memory of any of said 
first subset of said local stations, seeking said re- 
quired data from said external database. 



10 



15 



20 



25 



30 



35 



11. The method of claim 1 0 further comprising monitor- 
ing said first subset of said local stations for: 

determining when one of said local stations is 
unavailable; and 

when said one of said local stations is deter- 
mined to be unavailable, marking as unavaila- 
ble in said directory any data identified in said 
directory as being cached at said one of said 
local stations. 

12. The method of claim 11 further comprising each of 
said local stations in said first subset of local sta- 
tions identifying to said central directory data avail- 
able in said cache memory of said local station. 

13. The method of claim 12 wherein said identifying 
step comprises identifying data to said central di- 
rectory when said local station becomes available. 

14. The method of claim 12 wherein said identifying 
step comprises identifying data to said central di- 
rectory when data are added to said cache memory 
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